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1 Executive Summary

A visit was made to the Arizona 0100 on February 13 to 14, 2008 for the purposes of
conducting a validation of the WIM system located on US 93 near the Chloride, AZ turn-
off.. The SPS-1 is located in the righthand, northbound lane of a four-lane divided
facility. The posted speed limit at this location is 65 mph. The LTPP lane is the only
lane that is instrumented at this site. The validation procedures were in accordance with
LTPP’s SPS WIM Data Collection Guide dated August 21, 2001.

This is a relocation of a site that was assessed on March 3, 2004. The original site was
110 feet upstream of the current site. This is the second validation visit to this location.
The site was installed prior to November 30, 2006 by International Road Dynamics Inc..

This site demonstrates the ability to produce research quality loading data under
the observed conditions. The classification algorithm is not currently providing
research quality classification information.

The site is instrumented with bending plate and iSync electronics. It is installed in
portland cement concrete, 400 feet long. Beyond this PCC, the pavement surface is
asphalt concrete.

The validation used the following trucks:
1) 5-axle tractor-trailer with a tractor having an air suspension and a trailer with
a standard rear tandem and an air suspension loaded to 77,150 Ibs., the
“golden” truck.
2) 5-axle tractor semi-trailer with a tractor having an air suspension and a trailer
with a standard rear tandem and an air suspension loaded to 64,470 Ibs., the
“partial” truck.

The validation speeds ranged from 44 to 63 miles per hour. The pavement temperatures
ranged from 29 to 80 degrees Fahrenheit. The desired speed range was achieved during
this validation. The desired 30 degree Fahrenheit temperature range was also achieved.

Table 1-1 Post-Validation results — 040100 — 14-Feb-2008

SPS-1, -2, -5, -6 and -8 95 %Confidence Site Values Pass/Fail
Limit of Error
Steering axles +20 percent -2.6+£7.2% Pass
Tandem axles +15 percent -2.0+6.7% Pass
GVW +10 percent -2.1+4.6% Pass
Axle spacing + 0.5 ft [150mm] 0.0 £0.0 ft Pass
Prepared: rwp Checked: bko

The pavement condition appeared to be satisfactory for conducting a performance
evaluation. There were no distresses observed that would influence truck motions
significantly. A visual survey determined that there is no discernable bouncing or
avoidance by trucks in the sensor area.
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Based on profile data collected at this site on December 11, 2007 WIMIndex values have
been computed. All of the values fall between the lower threshold and upper threshold
limits. Given the current condition of the scale at this review, the roughness does not
appear to be a factor in the performance of the scale.

If this site had been evaluated using ASTM E-1318-02 it would have met the conditions
for a Type I site exclusive of wheel loads. LTPP does not validate WIM performance
with respect to wheel loads.

Table 1-2 Results Based on ASTM E-1318-02 Test Procedures

Limits for Allowable Percent within
Characteristic Error Allowable Error Pass/Fail
Single Axles + 20% 100% Pass
Axle Groups + 15% 100% Pass
GVW +10% 100% Pass
Prepared: rwp Checked: bko

Upon our arrival at the site, we found the system parameters were not the same as we left
them at the conclusion of our last validation on May 3, 2007. Apparently the site has had
equipment maintenance work that was performed between our last Validation visit and
this one.

This site needs four years of data to meet the goal of five years of research quality
data.
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2 Corrective Actions Recommended
There are no corrective actions required for this site at this time.

3 Post Calibration Analysis

This final analysis is based on test runs conducted during the afternoon of February 13,
2008 and during the morning and early afternoon of February 14, 2008 at test site 040100
on US 93. This SPS-1 site is at milepost 52.6 on the northbound, righthand of a four-lane
divided facility. No auto-calibration was used during test runs. The two trucks used for
the calibration and for the subsequent validation included:

1. 5-axle tractor-trailer with a tractor having an air suspension and trailer with a
standard rear tandem and air suspension loaded to 77,150 Ibs., the “golden”
truck.

2. 5-axle tractor semi-trailer with a tractor having an air suspension and a trailer
with a standard rear tandem and an air suspension loaded to 64,470 Ibs., the
“partial” truck.

Each truck made a total of 20 passes over the WIM scale at speeds ranging from
approximately 44 to 63 miles per hour. The desired speed range was achieved during this
validation. Pavement surface temperatures were recorded during the test runs ranging
from about 29 to 80 degrees Fahrenheit. The desired 30 degree Fahrenheit temperature
range was also achieved. The computed values of 95% confidence limits of each statistic
for the total population are in Table 3-1.

As shown in Table 3-1, this site meets all of the performance criteria for research quality
loading data.

Table 3-1 Post-Validation Results — 040100 — 14-Feb-2008

SPS-1, -2, -5, -6 and -8 95 %Confidence Site Values Pass/Fail
Limit of Error
Steering axles +20 percent -2.6+£7.2% Pass
Tandem axles +15 percent -2.0+6.7% Pass
GVW +10 percent -2.1+4.6% Pass
Axle spacing + 0.5 ft [150mm] 0.0 £0.0 ft Pass
Prepared: rwp Checked: bko

Test runs conducted during the afternoon of February 13 had recorded pavement
temperatures much higher than the runs performed during the morning of February 14.
Together, these runs achieved the desired range of temperatures.

The runs were also conducted at various speeds to determine the effects of these variables
on the performance of the WIM scale. To investigate these effects, the data set was split
into three speed groups and two temperature groups. The distribution of runs by speed
and temperature is illustrated in Figure 3-1. The figure indicates that the desired
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distribution of speed and temperature combinations was achieved for this set of validation
runs.

The three speed groups were divided as follows: Low speed — 44 to 50 mph, Medium
speed — 51 to 60 mph and High speed — 61 + mph. The two temperature groups were
created by splitting the runs between those at 29 to 55 degrees Fahrenheit for Low
temperature and 56 to 80 degrees Fahrenheit for High temperature.

Speed versus Temperature Combinations
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Figure 3-1 Post-Validation Speed-Temperature Distribution — 040100 — 14-Feb-2008

A series of graphs was developed to investigate visually any sign of a relationship
between speed or temperature and the scale performance.

Figure 3-2 shows the GVW Percent Error vs. Speed graph for the population as a whole.
Bias of the GVW errors was slightly negative over the entire range of these speeds.
There does not appear to be any effect of speed on the variability or bias of the
measurement errors.
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GVW Errors by Speed
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Figure 3-2 Post-validation GVW Percent Error vs. Speed — 040100 — 14-Feb-2008

Figure 3-3 shows the relationship between temperature and GVW percentage error.

This graph clearly shows the higher temperature runs that were conducted on February 13
and the lower temperatures that were encountered on February 14. The twelve post-
calibration runs from the afternoon of the 13" have little or no measurement bias. The
runs from the 14™ when temperatures were cooler indicate that cooler temperatures do
have an effect on GVW measurements errors.
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Figure 3-3 Post-Validation GVW Percent Error vs. Temperature — 040100 — 14-Feb-

2008

Figure 3-4 shows the relationship between the drive tandem spacing errors in feet and
speeds. This graph is used as a potential indicator of classification errors due to failure to
correctly identify spacings on a vehicle. Since the most common reference value is the
drive tandem on a Class 9 vehicle, this is the spacing evaluated and plotted for
validations. Drive tandem spacing was measured with no error by the system during this
round of tests. This was true for the entire range of truck speeds.
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Drive Tandem Spacing vs. Radar Speed
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Figure 3-4 Post-Validation Spacing vs. Speed — 040100 — 14-Feb-2008

3.1 Temperature-based Analysis

The two temperature groups were created by splitting the runs between those at 29 to 55
degrees Fahrenheit for Low temperature and 56 to 80 degrees Fahrenheit for High
temperature.

Table 3-2 Post-Validation Results by Temperature Bin — 040100 — 14-Feb-2008

Element 95% Low High
Limit Temperature Temperature
29 to 55 °F 56 to 80 °F
Steering axles +20 % -3.4 +6.5% -0.2+7.6%
Tandem axles +15 % -3.0+5.8% 0.9+6.2%
GvwW +10 % -3.0+2.9% 0.6 +4.9%
Axle spacing + 0.5 ft 0.0 £0.0 ft 0.0 £0.0 ft
Prepared: rwp Checked: bko

Table 3-2 shows the differences in weight estimation bias between the higher temperature
runs that were conducted on February 13 and the lower temperatures that were
encountered on February 14. The single calibration was performed based on the 40 runs
from the morning of the 13" when temperatures were warmer. There is an indication that
cooler temperatures do have an effect on GVW measurements errors.

Figure 3-5 is the distribution of GVW Errors versus Temperature by Truck graph. The
errors are similar at lower pavement temperatures and tend to diverge slightly at higher
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temperatures. Both trucks however, show the same qualitative response to temperature
variation over this range.

GVW Errors vs. Temperature by Truck
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Figure 3-5 Post-Validation GVW Percent Error vs. Temperature by Truck — 040100
— 14-Feb-2008

Figure 3-6 shows the relation between steering axle errors and temperature. This graph is
included due to the frequent use of steering axle weights of Class 9 vehicles for
calibration. This site does not use auto-calibration. The steering axles in this graph are
associated only with Class 9 vehicles.

The steering axles behave exactly as the GVW did over this temperature range. A slight
underestimation of weights at low temperatures and an absence of any bias at higher
temperatures can be observed.
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Figure 3-6 Post-Validation Steering Axle Error vs. Temperature by Group — 040100

— 14-Feb-2008

3.2 Speed-based Analysis

The three speed groups were divided using 44 to 50 mph for Low speed, 51 to 60 mph for
Medium speed and 61+ mph for High speed.

Table 3-3 Post-Validation Results by Speed Bin — 040100 — 14-Feb-2008

Element 95% Low Medium High
Limit Speed Speed Speed
44 to 50 mph 51 to 60 mph 61+ mph
Steering axles +20 % -0.2+£7.4% -4.5+6.9% -3.8£5.0%
Tandem axles +15 % -1.9+5.7% -1.7+7.6% -2.2+7.6%
GVW +10 % -1.6 +4.7% -2.2 +5.6% -2.5+4.8%
Axle spacing +0.5ft 0.0 £0.0 ft 0.0 £0.0 ft 0.0 £0.0 ft

Prepared: rwp

Checked: bko

Bias of steering axle weight estimates changed somewhat with speed but for axle groups
and for GVW there was little observed change. Figure 3-7 shows the relatively little
change in error bias in GVW over the range of speeds. The ‘Golden’ truck displays a
slightly greater variability in measurement errors than the ‘Partial’ truck.
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GVW Errors vs. Speed
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Figure 3-7 Post-Validation GVW Percent Error vs. Speed by Truck — 040100 — 14-
Feb-2008

Figure 3-8 shows the relation between steering axle errors and speed. This graph is
included due to the frequent use of steering axle weights of Class 9 vehicles for auto-
calibration. This site does not use auto-calibration. The steering axles in this graph are
associated only with Class 9 vehicles.

The graph shows the changes in measurement bias of steering axles with speed. The
greatest bias occurs at intermediate speeds and the least at low speeds.
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Steering Axle Errors vs. Speed
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Figure 3-8 Post-Validation Steering Axle Percent Error vs. Speed by Group -
040100 — 14-Feb-2008

3.3 Classification Validation

This LTPP installed site uses the FHWA 13-bin classification scheme and the LTPP
classification algorithm. Classification 15 has been added to define unclassified vehicles.

The classification validation is intended to find gross errors in vehicle classification, not
to validate the installed algorithm. A sample of three hours (27 trucks) was collected at
the site. Video was taken at the site to provide ground truth for the evaluation. Based on
a 100 percent sample it was determined that there are 0 percent unknown vehicles and 0
percent unclassified vehicles.

The second check is the ability of the algorithm to correctly distinguish between truck
classes with no more than 2% errors in such classifications. Table 3-4 has the
classification error rates by class. The overall misclassification rate is 20 percent. Due to
the small sample size, this percentage could be misleading.

Table 3-4 Truck Misclassification Percentages for 040100 — 14-Feb-2008

Class | Percent Error Class | Percent Error Class | Percent Error
4 N/A 5 27 6 0
7 N/A
8 38 9 0 10 N/A
11 N/A 12 N/A 13 N/A

Prepared: rwp Checked: bko




MACTEC Ref. 6420070022 Task No. 2.99
3/13/2008
page 12
The misclassification percentage is computed as the probability that a pair containing the
class of interest does NOT include a match. Thus if there are eight pairs of observations
with at least one Class 9 and only six of them are matches, the error rate is 25 percent.
The percent error and the mean differences reported below do not represent the same
statistic. It is possible to have error rates greater than 0 with a mean difference of zero.

Table 3-5 Truck Classification Mean Differences for 040100 — 14-Feb-2008

Validation Report — Arizona SPS-1
Assessment, Calibration and Performance Evaluation
of LTPP SPS Weigh-in-Motion (WIM) Sites

Class | Mean Class | Mean Class | Mean
Difference Difference Difference
4 N/A 5 38 6 0
7 N/A
8 - 38 9 0 10 N/A
11 N/A 12 N/A 13 N/A

Prepared: rwp Checked: bko
These error rates are normalized to represent how many vehicles of the class are expected
to be over or under-counted for every hundred of that class observed by the equipment.
Thus a value of 0 means the class is identified correctly on average. A number between
-1 and -100 indicates at least that number of vehicles either missed or not assigned to
the class by the equipment. It is not possible to miss more than all of them or one
hundred out of one hundred. Numbers 1 or larger indicate at least how many more
vehicles are assigned to the class than the actual “hundred observed”. Classes marked
Unknown (UNK) are those identified by the equipment but no vehicles of the type were
seen by the observer. There is no way to tell how many vehicles of that type might
actually exist. N/A means no vehicles of the class were recorded by either the equipment
or the observer.

The site consistently recorded straight trucks with trailers and erroneously classified them
as Class 5 rather than the correct Class 8. .

3.4 Evaluation by ASTM E-1318 Criteria

The ASTM E-1318 criteria for a successful validation of Type | sites is 95% of the
observed errors within the limits for allowable errors for each of the relevant statistics. If
this site had been evaluated using ASTM E-1318-02 it would have met the conditions for
a Type | site exclusive of wheel loads. LTPP does not validate WIM performance with
respect to wheel loads.

Table 3-6 Results of Validation Using ASTM E-1318-02 Criteria

Limits for Allowable Percent within
Characteristic Error Allowable Error Pass/Fail
Single Axles + 20% 100% Pass
Axle Groups + 15% 100% Pass
GVW +10% 100% Pass

Prepared: rwp

Checked: bko
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4 Pavement Discussion
The pavement condition did not appear to influence truck movement across the sensors.

4.1 Profile Analysis

The WIM site is a section of pavement that is 305 meters long with the WIM scale
located at 274.5 meters from the beginning of the test section. An ICC profiler was used
to collect longitudinal profiles of the test section with a sampling interval of 25
millimeters.

Profile data collected at the SPS WIM location by Nichols Consulting Engineers on
December 11, 2007 were processed through the LTPP SPS WIM Index Software, version
1.1. This WIM scale is installed on a rigid pavement.

A total of 8 profiler passes were conducted over the WIM Site. Since the issuance of the
LTPP directive on collection of longitudinal profile data for SPS WIM sections, the
requirements have been a minimum of 3 passes in the center of the lane and one shifted
to each side. For this the RSC has completed 4 passes at the center of the lane, 2 passes
shifted to the left side of the lane, and 2 passes shifted to the right side of the lane. Shifts
to the sides of the lanes were collected as close to the lane edges as was safely possibly.
For each profiler pass, profilers were recorded under the left wheel path (LWP) and the
right wheel path (RWP).

The SPS WIM Index software was developed with four different indices: LRI, SRI, Peak
LRI and Peak SRI. The LRI incorporates the pavement profile starting 25.8 m prior to
the scale and ending 3.2 m after the scale in the direction of travel. The SRI incorporates
a shorter section of pavement profile beginning 2.74 m prior to the WIM scale and ending
0.46 m after the scale. The LRI and SRI are the index values for the actual location of
the WIM scale. Peak LRI is the highest value of LRI, within 30 m prior to the scale.
Peak SRI indicates the highest value of SRI that is located between 2.45 m prior to the
scale and 1.5 m after the scale. Also, a range for each of the indices was developed to
provide the smoothness criteria. The ranges are shown in Table 4-1. When all of the
values are below the lower thresholds, it is presumed unlikely that pavement smoothness
will significantly influence sensor output. When one or more values exceed an upper
threshold there is a reasonable expectation that the pavement smoothness will influence
the outcome of the validation. When all values are below the upper threshold but not all
below the lower threshold, the pavement smoothness may or may not influence the
validation outcome.
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Index Lower Threshold (m/km) | Upper Threshold (m/km)
LRI 0.50 2.1
SRI 0.50 2.1
Peak LRI 0.50 2.1
Peak SRI 0.75 2.9

Prepared: als Checked: jrn
Prepared: rwp Checked: bko

Table 4-2 shows the computed index values for all 8 profiler passes for this WIM site.
The average values over the passes in each path were also calculated when three or more
passes were completed. These are shown in the right most column of the table. Values
above the upper index limits are presented in bold while values below the lower index
limits are presented in italics.

Table 4-2 WIM Index Values — 040100 — 11-Dec-2007

Profiler Passes Pass 1 Pass 2 Pass 3 Pass 4 Ave.
LRI (m/km) 0.645 0.605 0.690 0.703 0.661
L\WP SRI (m/km) 0.742 0.739 0.754 0.741 0.744
Peak LRI (m/km) | 0.862 1.040 0.928 1.153 0.996
Center Peak SRI (m/km) | 0.769 0.899 0.903 0.925 0.874
LRI (m/km) 1.153 1.099 1.051 1.020 1.081
RWP SRI (m/km) 1.402 1.203 0.767 0.856 1.057
Peak LRI (m/km) | 1.161 1.099 1.051 1.036 1.087
Peak SRI (m/km) | 1.415 1.219 1.127 1.209 1.242
LRI (m/km) 0.870 0.810
L\WP SRI (m/km) 0.695 0.646
Peak LRI (m/km) | 1.116 1.139
Left Peak SRI (m/km) | 0.728 1.105
Shift LRI (m/km) 1.007 1.026
RWP SRI (m/km) 1.541 1.733
Peak LRI (m/km) | 1.045 1.044
Peak SRI (m/km) | 1.571 1.941
LRI (m/km) 0.864 0.755
L\WP SRI (m/km) 1.168 1.054
Peak LRI (m/km) | 0.892 0.914
Right Peak SRI (m/km) | 1.172 1.145
Shift LRI (m/km) 1.054 0.879
RWP SRI (m/km) 0.769 0.770
Peak LRI (m/km) | 1.144 0.987
Peak SRI (m/km) | 0.949 1.119
Prepared: als Checked: jrn

Prepared: rwp Checked: bko
From the table, it can be seen that all of the values fall between the index limits indicating
that the pavement roughness may or may not interfere with the validation outcome.
Since the site was validated successfully, it is concluded that the pavement roughness was
not a factor in the proper operation of the equipment.
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4.2 Distress Survey and Any Applicable Photos

During a visual survey of the pavement no distresses that would influence truck
movement across the WIM scales were noted.

4.3 Vehicle-pavement Interaction Discussion

A visual observation of the trucks as they approach, traverse and leave the sensor area did
not indicate any visible motion of the trucks that would affect the performance of the
WIM scales. Trucks appear to track down the wheel path and daylight cannot be seen
between the tires of any of the sensors for the equipment.

5 Equipment Discussion

The traffic monitoring equipment at this location includes bending plate and iSync.
These sensors are installed in a portland cement concrete pavement about 400 ft in
length. The roadway outside this section is asphalt concrete.

5.1 Pre-Evaluation Diagnostics

No problems were found with the equipment prior to the evaluations. However, during
the morning of February 14, 2008 the system signaled an error in recording axle weights
very soon after logging onto the system. After consultation with IRD, reseating the
system board appeared to solve the problem.

5.2 Calibration Process

Upon our arrival at the site, we found the system parameters were not the same as we left
them at the conclusion of our last validation on May 3, 2007. Apparently the site has had
equipment maintenance work that was performed between our last Validation visit and
this one.

The equipment was given one-iteration of the calibration process between the initial 40
runs and the final 40 runs. The system already met the validation requirements but a
single calibration was performed to eliminate a small negative bias in weight estimates.

For this equipment, there are 5 speed designated compensation factors for each sensor
that are adjusted to directly affect the weight reported by the WIM equipment. To reduce
overestimation of weights, these factors are reduced by the same percentages of the
overestimation, and if the weights are underestimated, these factors are increased by the
same percentage as the mean error.

The original calibration factors for the site that were in place prior to the Pre-Validation
were as follows:

Speed Bin Sensor 1 Sensor 2
1 3571 3571
2 3550 3550
3 3626 3626
4 3700 3700
5 3450 3450
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Additionally, an adjustment for spacing measurement error can be made by altering a
single compensation factor to directly effect the distances reported by the equipment.
The original factor was 341.

5.2.1 Calibration Iteration 1

Based on the results from the Pre-Validation, the compensation factors were adjusted
slightly to compensate for underestimation of all weights.

Computations for the changes and equipment factor changes were made by the Validation
Task Leader. The adjustments to the system calibration factors are shown below:

Speed bin Sensor 1 Sensor 2
1 3619 3619
2 3642 3642
3 3766 3766
4 3822 3822
5 3545 3545

The spacing compensation factor was not adjusted.

Results of this calibration are tabulated in Table 5-1 and illustrated in Figure 5-1.
Measurement bias was reduced to near zero.

Table 5-1 Calibration Iteration 1 Results — 040100 — 13-Feb-2008 (01:36 PM)

SPS-1, -2, -5, -6 and -8 95 %Confidence Site Values Pass/Fail
Limit of Error

Steering axles +20 percent -0.8£7.4% Pass

Tandem axles +15 percent 0.4+6.1% Pass

GVW +10 percent 0.2+4.7% Pass

Axle spacing +0.5ft 0.0 £0.0 ft Pass

Prepared: rwp Checked: bko
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GVW Errors by Speed
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Figure 5-1 Calibration Iteration 1 GVW Percent Error vs. Speed Group — 040100 -
13-Feb-2008 (01:36 PM)

5.3 Summary of Traffic Sheet 16s

This site has validation information from previous visits as well as the current one in the
tables below. Table 5-2 has the information for TRF_CALIBRATION_AVC for Sheet
16s submitted prior to this validation as well as the information for the current visit.

The equipment persistently classified straight trucks with trailers as Class 5 vehicles
rather than Class 8 trucks. The error was in the algorithm rather than the capability to
recognize and record all vehicle axles.

Table 5-2 Classification Validation History — 040100 — 14-Feb-2008

Date Method Mean Difference Percent
Class 9 Class 8 Other 1 Other 2 Unclassified
2/14/2008 | Manual 0 -38 0
2/13/2008 | Manual 0 -22 0
5/3/2007 | Manual 0 0 0
5/2/2007 | Manual 0 0 0
Prepared: rwp Checked: bko

Table 5-3 has the information for TRF_CALIBRATION_WIM for Sheet 16s submitted
prior to this validation as well as the information for the current visit.
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Table 5-3 Weight Validation History — 040100 — 14-Feb-2008
Date Method Mean Error and (SD)
GVW Single Axles Tandem Axles
2/14/208 Test
Trucks -2.1 (2.3) -2.6 (3.6) -2 (3.4)
2/13/2008 Test
Trucks -2.6 (2.0) -3.4 (3.4) -2.4 (3.0)
5/3/2007 | et 0.3 (2.9) 0.6 (4.2) 0.5 (5.8)
Trucks ' ' ' ' ' '
Test
5/2/2007 Trucks -26.1 (7.3) -22.4 (8.5) -26.5 (9.1)
Prepared: rwp Checked: bko

5.4 Projected Maintenance/Replacement Requirements
This site is scheduled for semi-annual maintenance under the installation contract.

6 Pre-Validation Analysis

This pre-validation analysis is based on test runs conducted February 13, 2008 in the
morning and early afternoon at test site 040100 on US 93. This SPS-1 site is at milepost
52.6 on the northbound, righthand of a four-lane divided facility. No auto-calibration
was used during test runs. The two trucks used for initial validation and for the
subsequent calibration included:

1. 5-axle tractor semi-trailer combination with a tractor having an air suspension
and trailer with standard rear tandem and an air suspension loaded to 77,570
Ibs.

2. 5-axle tractor semi-trailer with a tractor having an air suspension and a trailer
with a standard rear tandem and an air suspension loaded to 64,730 Ibs., the
partial truck.

For the initial validation each truck made a total of 20 passes over the WIM scale at
speeds ranging from approximately 43 to 63 miles per hour. The desired speed range was
achieved during this validation. Pavement surface temperatures were recorded during the
test runs ranging from about 45 to 68 degrees Fahrenheit. The desired 30 degree
Fahrenheit temperature range was not achieved. The computed values of 95% confidence
limits of each statistic for the total population are in Table 6-1.

Although a Pass result was obtained for each condition with the exception of speed, an
attempt to calibrate was made in order to eliminate the slight negative bias found in each
weight measurement category.
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Table 6-1 Pre-Validation Results — 040100 — 13-Feb-2008
SPS-1, -2, -5, -6 and -8 95 9% Confidence Site Values Pass/Fail
Limit of Error
Steering axles +20 percent -3.4+£7.0% Pass
Tandem axles +15 percent -2.4+£5.9% Pass
GVW +10 percent -2.6 £ 3.9% Pass
Axle spacing + 0.5 ft [150mm] 0.0 £0.0 ft Pass

Prepared: rwp

Checked: bko

Test runs were conducted during the late morning and early afternoon hours.
Temperatures were relatively low and the range was narrow due to cloudy and windy
conditions that precluded the pavement surface from warming.

The runs were also conducted at various speeds to determine the effects of these variables
on the performance of the WIM scale. To investigate these effects, the dataset was split
into three speed groups and two temperature groups. The distribution of runs within
these groupings is illustrated in Figure 6-1. The figure indicates that the desired
distribution of speed and temperature combinations was not achieved for this set of
validation runs due to the narrow range of temperatures.

The three speed groups were divided into 43 to 50 mph for Low speed, 51 to 59 mph for
Medium speed and 60+ mph for High speed. The two temperature groups were created
by splitting the runs between those at 45 to 54 degrees Fahrenheit for Low temperature
and 55 to 68 degrees Fahrenheit for High temperature.

Speed versus Temperature Combinations
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Figure 6-1 Pre-Validation Speed-Temperature Distribution — 040100 — 13-Feb-2008
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A series of graphs was developed to investigate visually for any sign of any relationship
between speed or temperature and the scale performance.

Figure 6-2 shows the GVW Percent Error vs. Speed graph for the population as a whole.
Here can be seen the slight negative bias in GVW estimation that appear to be
independent of temperature, although the variability is somewhat greater at lower speeds.

GVW Errors by Speed
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Figure 6-2 Pre-validation GVW Percent Error vs. Speed — 040100 — 13-Feb-2008

Figure 6-3 shows the relationship between temperature and GVW percentage error. There
doesn’t appear to be any effect of temperature on the GVW measurements over the range
illustrated here. The following day’s tests included some at very low temperatures that
indicated some effects.
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GVW Errors by Temperature
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Figure 6-3 Pre-Validation GVW Percent Error vs. Temperature — 040100 — 13-Feb-
2008

Figure 6-4 shows the relationship between the drive tandem spacing errors in feet and
speeds. This graph is used as a potential indicator of classification errors due to failure to
correctly identify spacings on a vehicle. Since the most common reference value is the
drive tandem on a Class 9 vehicle, this is the spacing evaluated and plotted for
validations.

The WIM equipment measured spacing with near perfect accuracy independent of
pavement temperature and speed.
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Drive Tandem Spacing vs. Radar Speed
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Figure 6-4 Pre-Validation Spacing vs. Speed - 040100 — 13-Feb-2008

6.1 Temperature-based Analysis

The two temperature groups were created by splitting the runs between those at 45 to 54
degrees Fahrenheit for Low temperature and 55 to 68 degrees Fahrenheit for High
temperature.

Table 6-2 Pre-Validation Results by Temperature Bin — 040100 — 13-Feb-2008

Element 95% Low High
Limit Temperature Temperature
45 to 54 °F 55 to 68 °F
Steering axles +20 % -3.3+7.3% -3.527.2%
Tandem axles +15 % -2.1+6.2% -2.9+5.5%
GVW +10 % -2.3+4.3% -3.0+3.7%
Axle spacing +0.5ft 0.0 £0.0 ft 0.0 £0.0 ft
Prepared: rwp Checked: bko

Table 6-2 shows little or no effect of pavement temperature on the ability of this
equipment to measure weight values. Minor underestimation of weights occurred at both
low and high observed temperature levels.

Figure 6-5 shows the distribution of GVW Errors versus Temperature by Truck. It shows
that weight estimates of both trucks behaved similarly except at the very low end of the
graph where some divergence is noted.
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GVW Errors vs. Temperature by Truck
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Figure 6-5 Pre-Validation GVW Percent Error vs. Temperature by Truck — 040100
— 13-Feb-2008

Figure 6-6 shows the relation between steering axle errors and temperature. This graph is
included due to the frequent use of steering axle weights of Class 9 vehicles for auto-
calibration. This site does not use auto-calibration. The steering axles in this graph are
associated only with Class 9 vehicles.

Weight estimates for steering axles for both trucks appear to be negatively biased and
slightly more so at temperatures above 60F.
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Steering Axle Errors vs. Temperature
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Figure 6-6 Pre-Validation Steering Axle Error vs. Temperature by Group — 040100

- 13-Feb-2008

6.2 Speed-based Analysis

The speed groups were divided as follows: Low speed — 43 to 50 mph, Medium speed —

51 to 59 mph and High speed — 60+ mph.

Table 6-3 Pre-Validation Results by Speed Bin — 040100 — 13-Feb-2008

Element 95% Low Medium High
Limit Speed Speed Speed
43 to 50 mph 51 to 59 mph 60+ mph
Steering axles +20 % 0.1+6.2% -5.9+3.9% -45+4.1%
Tandem axles +15 % -1.6 £5.6% -3.3+5.6% -2.4+£6.8%
GVW +10 % -1.3+5.3% -3.7+ 2% -2.7+2.9%
Axle spacing + 0.5 ft 0.0 £0.0 ft 0.0 £0.0 ft 0.0 £0.0 ft

Prepared: rwp

Checked: bko

Negative measurement bias was observed for the Medium and High speed ranges but was
absent or less pronounced within the Low speed range. This is particularly true for

steering axle weights.

Figure 6-7 shows that for GVW, the different behavior at low speeds is connected to the
‘Golden’ truck (squares) only. The weight estimation bias for the ‘Partial’ truck
(diamonds) is nearly constant over the entire range of test speeds.
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GVW Errors vs. Speed
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Figure 6-7 Pre-Validation GVW Percent Error vs. Speed Group - 040100 —-13-Feb-
2008

Figure 6-8 shows the relation between steering axle errors and speed. This graph is
included due to the frequent use of steering axle weights of Class 9 vehicles for
calibration. This site does not use auto-calibration. The steering axles in this graph are
associated only with Class 9 vehicles.

The general negative bias in steering axle weight measurements is mostly absent at low
speeds. Graphing these steering axle weight errors by truck shows that this is true for
both the “‘Golden’ and *Partial’ trucks. Unlike the GVW graph, figure 6-9 shows the
different behavior at low speeds in this steering axle weight graph is connected to both
trucks.
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Steering Axle Errors by Truck
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6.3 Classification Validation

This LTPP installed site uses the FHWA 13-bin classification scheme and the LTPP
classification algorithm. Classification 15 has been added to define unclassified vehicles.

The classification validation is intended to find gross errors in vehicle classification, not
to validate the installed algorithm. A sample of three hours (38 trucks) was collected at
the site. The classification identification is to identify gross errors in classification, not
validate the classification algorithm. Video was taken at the site to provide ground truth
for the evaluation. Based on a 100 percent sample it was determined that there are 0
percent unknown vehicles and 0 percent unclassified vehicles.

The second check is the ability of the algorithm to correctly distinguish between truck
classes with no more than 2% errors in such classifications. Table 6-4 has the
classification error rates by class. The overall misclassification rate is 10. percent. Due
to the small sample size, this percentage could be misleading.

Table 6-4 Truck Misclassification Percentages for 040100 — 13-Feb-2008

Class | Percent Error Class | Percent Error Class | Percent Error
4 N/A 5 13 6 0
7 N/A
8 22 9 0 10 N/A
11 N/A 12 N/A 13 N/A
Prepared: rwp Checked: bko

The misclassification percentage is computed as the probability that a pair containing the
class of interest does NOT include a match. Thus if there are eight pairs of observations
with at least one Class 9 and only six of them a re matches, the error rate is 25 percent.
The percent error and the mean differences reported below do not represent the same
statistic. It is possible to have error rates greater than 0 with a mean difference of zero.

Table 6-5 Truck Classification Mean Differences for 040100 — 13-Feb-2008

Class Mean Class Mean Class Mean
Difference Difference Difference
4 N/A 5 15 6 0
7 N/A
8 -22 9 0 10 N/A
11 N/A 12 N/A 13 N/A
Prepared: rwp Checked: bko

These error rates are normalized to represent how many vehicles of the class are expected
to be over- or under-counted for every hundred of that class observed by the equipment.
Thus a value of 0 means the class is identified correctly on average. A number between
-1 and -100 indicates at least that number of vehicles either missed or not assigned to
the class by the equipment. It is not possible to miss more than all of them or one
hundred out of one hundred. Numbers 1 or larger indicate at least how many more
vehicles are assigned to the class than the actual “hundred observed”. Classes marked
Unknown are those identified by the equipment but no vehicles of the type were seen the
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observer. There is no way to tell how many vehicles of that type might actually exist.
N/A means no vehicles of the class were recorded by either the equipment or the
observer.

The equipment consistently classifies straight trucks with trailers as vehicle Class 5
trucks.

6.4 Evaluation by ASTM E-1318 Criteria

The ASTM E-1318 criteria for a successful validation of Type | sites is 95% of the
observed errors within the limits for allowable errors for each of the relevant statistics. If
this site had been evaluated using ASTM E-1318-02 it would have met the conditions for
a Type | site exclusive of wheel loads. LTPP does not validate WIM performance with
respect to wheel loads.

Table 6-6 Results of Validation Using ASTM E-1318-02 Criteria

Limits for Allowable Percent within
Characteristic Error Allowable Error Pass/Fail
Single Axles + 20% 100% Pass
Axle Groups + 15% 100% Pass
GVW +10% 100% Pass
Prepared: rwp Checked: bko

6.5 Prior Validations

The last validation for this site was done 03-May-2007. It was the first validation of the
site. The site was producing research quality data. Figure 6-10 shows the GVW Percent
Error vs. Speed for the post validation runs. The site was validated with two trucks. The
“Golden” truck was loaded to 75,370 Ibs. The “partial” truck which had an air
suspension on both tandems was loaded to 63,250 Ibs.
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GVW Errors by Speed

10.0%

o
|
5.0% L
2
: . °
- |
° e
5 [ I . M Low Speed
= 0.0% T — T Medium speed
"'_”, 40 45 50 55 60 [ 4 Y & 70 |®@High speed
£ | Il
= |
o)
o |
-5.0%
([
-10.0%

Speed (mph)

Figure 6-10 Last Validation GVW Percent Error vs. Speed — 040100 — 03-May-2007

Table 6-7 shows the overall results from the last validation. A Pass condition was
achieved for all weight and dimension measurement categories. However, speed
measurement failed.

Table 6-7 Last Validation Final Results — 040100 — 03-May-2007

SPS-1, -2, -5, -6 and -8 95 %Confidence Site Values Pass/Fail
Limit of Error
Steering axles +20 percent -0.6 £ 8.5% Pass
Tandem axles +15 percent 0.5+11.5% Pass
Gross vehicle weights +10 percent 0.3+5.9% Pass
Axle spacing + 0.5 ft [150 mm] -0.1 £0.1 ft Pass
Prepared: rwp Checked: bko

Table 6-8 has the results at the end of the last validation by temperature. Observed
temperatures during that validation were higher and did not overlap the temperatures of
the present validation at all. Through this validation the equipment has been observed at
temperature from 25 to 111 degrees Fahrenheit.
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Table 6-8 Last Validation Results by Temperature Bin — 040100 — 03-May-2007

Element 95% Low Medium High
Limit Temperature Temperature Temperature
80 to 90 °F 90 to 100 °F 100 to 111 °F
Steering axles +20 % 1.5+55% -0.8 £10.3% -1.7 £ 9.3%
Tandem axles +15% -0.5+13.7% 1.8+11.7% 02+11.1%
GvWwW +10 % -0.2+7.1% 1.3+£4.9% -0.1 £6.5%
Axle spacing + 0.5 ft -0.1 +0.1 ft -0.1 +£0.2 ft -0.1 +0.1 ft

Prepared: rwp

Table 6-9 has the results of the prior post validation by speed groups.

Checked: bko

Table 6-9 Last Validation Results by Speed Bin — 040100 — 03-May-2007

Element 95% Low Medium High
Limit Speed Speed Speed
43-47 mph 48-61 mph 62-65 mph
Steering axles +20 % 2.4 +6.9% -0.1 £ 8.4% -4.5+4.6%
Tandem axles +15 % 0.3+9.8% -0.3+8.7% 1.4 +16.2%
GVW +10 % 0.7+£6.7% -0.2 £5.2% 0.3+7.1%
Axle spacing +0.5ft -0.1 £0.1 ft 0.0 +0.1 ft -0.1 £0.1 ft

7 Data Availability and Quality

As of February 13, 2008 this site does not have at least 5 years of research quality data.
Research quality data is defined to be at least 210 days in a year of data of known

calibration meeting LTPP’s precision requirements.

Prepared: rwp

Checked: bko

Data that has validation information available has been reviewed in light of the patterns
present in the two weeks immediately following a validation/calibration activity. A
determination of research quality data is based on the consistency with the validation
pattern. Data that follows consistent and rational patterns in the absence of calibration
information may be considered nominally of research quality pending validation
information with which to compare it. Data that is inconsistent with expected patterns
and has no supporting validation information is not considered research quality.

The amount and coverage for the site is shown in Table 7-1. The value for months is a
measure of the seasonal variation in the data. The indicator of coverage indicates
whether day of week variation has been accounted for on an annual basis. Validation
information to ensure research quality data was not available for any of the data prior to
2005. As can be seen from the table only 2005 since that time has a sufficient quantity to
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be considered a complete year of data. It can be seen that at least 4 additional years of
research quality data are needed to meet the goal of a minimum of 5 years of research
weight data.

Table 7-1 Amount of Traffic Data Available 040100 — 13-Feb-2008

Year | Classification | Months | Coverage | Weight Months | Coverage
Days Days

1994 352 12 Full Week 354 12 Full Week
1995 340 12 Full Week 344 12 Full Week
1996 345 12 Full Week 346 12 Full Week
1997 183 6 Full Week 184 6 Full Week
1998 331 11 Full Week 294 12 Full Week
1999 313 12 Full Week
2000 258 11 Full Week 261 11 Full Week
2001 144 5 Full Week 150 7 Full Week
2003 56 2 Full Week 178 7 Full Week
2004 164 7 Full Week 165 7 Full Week
2005 357 12 Full Week 364 12 Full Week
2006 121 4 Full Week
2007 169 2 Full Week 39 2 Full Week

Prepared: rwp Checked: bko

GVW graphs and characteristics associated with them are used as data screening tools.
As a result classes constituting more that ten percent of the truck population are
considered major sub-groups whose evaluation characteristics should be identified for use
in screening. The typical values to be used for reviewing incoming data after a validation
are determined starting with data from the day after the completion of a validation.

Class 9 and Class 5 constitute more than 10 percent of the truck population. Based on the
data collected from the end of the last calibration iteration the following are the expected
values for these populations. The precise values to be used in data review will need to be
determined by the Regional Support Contractor on receipt of the first 14 days of data
after the successful validation. For sites that do not meet LTPP precision requirements,
this period may still be used as a starting point from which to track scale changes.

Table 7-2 is generated with a column for every vehicle class 4 or higher that represents
10 percent or more of the truck (class 4-20) population. In creating Table 7-2 the
following definitions are used:

o Class 9 overweights are defined as the percentage of vehicles greater than 88,000
pounds

o Class 9 underweights are defined as the percentage of vehicles less than 20,000
pounds.

o Class 9 unloaded peak is the bin less than 44,000 pounds with the greatest percentage
of trucks.
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o Class 9 loaded peak is the bin 60,000 pounds or larger with the greatest percentage of
trucks.

o For all other trucks the typical axle configuration is used to determine the maximum
allowable weight based on 18,000 pounds for single axles and 34,000 pounds for
tandem axles. A ten percent cushion above that maximum is used to set the
overweight threshold.

o For all other trucks in the absence of site specific information the computation of
under weights assumes the power unit weighs 10,000 pounds and each axle on a
trailer 5,000 pounds. Ninety percent of the total for the unloaded configuration is the
value below which a truck is considered under weight.

o Forall trucks other than class 9s that have a bi-modal distribution the unloaded peak
is defined to be in a bin less than or equal to half of the allowable maximum weight.

o Forall trucks other than class 9s that have a bi-modal distribution the loaded peak is
defined to be in a bin greater than or equal to half of the allowable maximum weight.

There may be more than one bin identified for the unloaded or loaded peak due to the
small sample size collected after validation. Where only one peak exists, the peak rather
than a loaded or unloaded peak is identified. This may happen with single unit trucks. It
is not expected to occur with combination vehicles.

Table 7-2 GVW Characteristics of Major sub-groups of Trucks — 040100 — 14-Feb-
2008

Characteristic Class 9 Class 5
Percentage Overweights 0.0% 0.0%
Percentage Underweights 0.0% 27.6%
Unloaded Peak 34,000 -
Loaded Peak 74,000 -
Peak 74,000 10,000

Prepared: rwp Checked: bko

The expected percentage of unclassified vehicles is 0.1%. This is based on the
percentage of unclassified vehicles in the post-validation data download.

The graphical screening comparison figures are found in Figure 7-1 through Figure 7-4.
These are based on data collected immediately after the validation and may not be wholly
representative of the population at the site. They should however provide a sense of the
statistics expected when SPS comparison data is computed for the post-validation Sheet
16.
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Class 9 GVW Distribution
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Figure 7-1 Expected GVW Distribution Class 9 — 040100 — 14-Feb-2008
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Figure 7-2 Expected GVW Distribution Class 5 — 040100 — 14-Feb-2008
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Figure 7-3 Expected Vehicle Distribution — 040100 — 14-Feb-2008

Speed Distribution For Trucks

60.0%

MACTEC Ref. 6420070022 Task No. 2.99

3/13/2008
page 34

A

5 50.0%

(]

(]

o

)

= 40.0% -

[}

'

(8]

2

£ 30.0%

© / \
(0]

(@)

8 20.0%

c

]

o

[J]

: /J \\

10.0%

el

0.0%

30 40 50 60 70 80
Speed (mph)

Prepared: ro

\-I-Speed Percentage \

Figure 7-4 Expected Speed Distribution — 040100 — 14-Feb-2008

8 Data Sheets

The following is a listing of data sheets incorporated in Appendix A.
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Sheet 19 — Truck 1 — 3S2 loaded air suspension (3 pages)
Sheet 19 — Truck 2 — 3S2 partially loaded, air suspension tractor and leaf
suspension trailer (4 pages)

Sheet 20 — Classification Verification — Pre-Validation (1 page)
Sheet 20 - Classification Verification — Post-Validation (1 page)

Sheet 21 — Pre-Validation (3 pages)
Sheet 21 — Calibration Iteration 1 — (1 page)
Sheet 21 — Post-Validation (3 pages)

Calibration Iteration 1 Worksheet — (1 page)
Test Truck Photographs (6 pages)
LTPP Mod 3 Classification Scheme (1 page)
Final System Parameters (1 page)

9 Updated Handout Guide and Sheet 17

A copy of the handout has been included following this page. It includes a current Sheet
17 with all applicable maps and photographs. There are no significant changes in the
information provided.

10 Updated Sheet 18

A current Sheet 18 indicating the contacts, conditions for assessments and evaluations
has been attached following the updated handout guide.

11 Traffic Sheet 16(s)

Sheet 16s for the Pre-Validation and Post-Validation conditions are attached following
the current Sheet 18 information at the very end of the report.
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1. General Information

SITE ID: 040100

LOCATION: U.S. 93 North at M.P. 52.62
VISIT DATE: February 13 & 14, 2008

VISIT TYPE: Validation

2. Contact Information
POINTS OF CONTACT:

Validation Team Leader: Dean J. Wolf, 301-210-5105, djwolf@mactec.com

Highway Agency: Dr. Estomih Kombe, 602-712-3135, ekombe@azdot.gov

Murari Pradhan, 602-712-6574, mpradhan@azdot.gov

FHWA COTR: Debbie Walker, 202-493-3068, deborah.walker@fhwa.dot.gov

FHWA Division Office Liaison: Karen King, 602-379-3645 x 125,
karen.king@fhwa.dot.gov

LTPP SPS WIM WEB PAGE: http://www.tfthrc.gov/pavement/ltpp/spstraffic/index.htm

3. Agenda
BRIEFING DATE: Briefing not requested for this visit.

ON SITE PERIOD: February 13 and 14, 2008 (or the two days immediately following
the SPS-2 Validation)

TRUCK ROUTE CHECK: Completed. See truck route.
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4. Site Location/ Directions

NEAREST AIRPORT: McCarran International Airport, Las Vegas, Nevada
DIRECTIONS TO THE SITE: 0.25 miles north of County Route 125
MEETING LOCATION: On site at 9:00 a.m.

WIM SITE LOCATION: U.S. 93 North at M.P. 52.62 (Latitude: 35° 24.004” and
Longitude: -114° 15.671")

WIM SITE LOCATION MAP: See Figure 4.1
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Figure 4-1 - Site 040100 in Arizona
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5. Truck Route Information
ROUTE RESTRICTIONS: None.

SCALE LOCATION: TA Kingman, Kingman, AZ, 1-40, exit 48, Latitude: 35.19088,
Longitude: -114.0705, Tim Curry - proprietor, Phone No: 928-753-7600, 24 hrs, $8.00

per run.

TRUCK ROUTE:

e Northbound to crossover (1.17 miles)
e Southbound to crossover (1.945 miles)
e Total turnaround length is 6.230 miles

Morthhound Turnaround: Gibson Lo
117 miles from site
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Figure 5-1 - Truck Route at 040100 in Arizona
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6. Sheet 17 — Arizona (040100)

1.*ROUTE __ US 93 MILEPOST __52.62 LTPPDIRECTION -N S E W
2.* WIM SITE DESCRIPTION - Grade__< 1 % Sag vertical Y /N
Nearest SPS section upstream of thesite 0 4 01 6 0
Distance from sensor to nearest upstream SPS Section 153 .75 ft

3.* LANE CONFIGURATION

Lanes in LTPP direction __ 2 Lanewidth 1 2 ft

Median - 1 — painted Shoulder - 1 — curb and gutter
2 — physical barrier 2 — paved AC
3 —grass 3 —paved PCC
4 — none 4 — unpaved

5-none
Shoulder width 8 ft
4* PAVEMENT TYPE Portland Cement Concrete

5.* PAVEMENT SURFACE CONDITION - Distress Survey
Date: 2/13/2008 Photo: 04 0100 Upstream 02 13 08.jpg
Date: 2/13/2008 Photo: 04 0100 Downstream 02 13 08.jpg

Date: Photo:

6. * SENSOR SEQUENCE Loop — Bending Plate— Bending Plate — Loop

7.* REPLACEMENT AND/OR GRINDING  /  (/
REPLACEMENT AND/ORGRINDING /|
REPLACEMENT AND/OR GRINDING / /

8. RAMPS OR INTERSECTIONS
Intersection/driveway within 300 m upstream of sensor location Y / N
distance
Intersection/driveway within 300 m downstream of sensor location Y / N
distance
Is shoulder routinely used for turns or passing? Y /N

9. DRAINAGE (Bending plate and load cell systems only) 1 - Open to ground
2 — Pipe to culvert
3 —None
Clearance under plate 4 . 0 in

Clearance/access to flush fines from under system Y / N
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10. * CABINET LOCATION
Same side of road as LTPP lane Y /N Median Y/ N Behind barrier Y /N

Distance from edge of traveled lane 66  ft
Distance from system 72 ft
TYPE 3R

CABINET ACCESS controlled by LTPP KSTATE/ JOINT?
Contact - name and phone number __ Estomih Kombe (602) 712-3135
Alternate - name and phone number_ Nate Woolfenden — (602) 954-0257

11. * POWER
Distance to cabinet fromdrop 3 ft Overhead / underground / solar /
AC in cabinet?
Service provider Phone number

12. * TELEPHONE

Distance to cabinetfromdrop 1 ft Overhead / under ground / cell?
Service provider Phone Number_928-565-2017

13.* SYSTEM (software & version no.)-
Computer connection — RS232 / Parallel port / USB / Other

14.* TEST TRUCK TURNAROUND time __ 10 minutes DISTANCE _ 6.2 mi.

15. PHOTOS FILENAME
Power source 04 0100 Solar Panels 02 13 08.jpg
04 0100 Service Mast 02 13 08.jpg
Phone source
Cabinet exterior 04 0100 Cabinet_Exterior 02 13 08.jpg

Cabinet interior 04 0100 Cabinet Interior Front 02 13 08.jpg
04 0100 Cabinet Interior Rear 02 13 08.jpg
Weight sensors 04_0100_Leading_Weighpad 02 13 08.jpg

04 0100 Trailing Weighpad 02 13 08.ipa
Classification sensors

Other sensors 04 0100 Leading Loop 02 13 08.jpg
04 0100 Trailing Loop 02 13 08.jpg
Description Loops

Downstream direction at sensors on LTPP lane

04 0100 Downstream_02 13 08.jpg
Upstream direction at sensors on LTPP lane

04 0100 Upstream 02 13 08.jpg
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COMMENTS

GPS Coordinates: Latitude: 35° 24.004’ and Longitude: -114° 15.671°

Closest Amenities: Kingman — 18 miles south of site
Various restaurants, hotels, gas etc.

Telephone service is available but is being used by the weather station installed
near the WIM cabinet

Test Truck Recommendations:
Types of Trucks: Two Class 9s

Truck 1: Class 9, 72,000 to 80,000 Ib legal limit on gross and axles, air suspension;
Truck 2: Class 9, Partially loaded to 65,000 Ib

Expected Speeds: 45, 55 and 65 mph

COMPLETED BY Dean J. Wolf

PHONE __301-210-5105 DATE COMPLETED 0 2 /13 / 2008
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Figure 6-1 Sketch of equipment layout
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Photo 6-1 04 0100_Upstream_02_13_08.jpg

Photo 62 | 04_1_sam_02_1_. jpg
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SHEET 18 STATE CODE [4]

LTPP MONITORED TRAFFIC DATA SPS PROJECT ID [ 0100]

WIM SITE COORDINATION DATE: (mm/dd/yyyy) 2/13/2008

Rev. 05/15/07

1. DATA PROCESSING —
a. Down load —
[ ] State only
[ ] LTPP read only
<] LTPP download
[_] LTPP download and copy to state

b. Data Review —
[] State per LTPP guidelines
[ ] State — [ ] Weekly [_] Twice a Month [_] Monthly [_] Quarterly
D LTPP

c. Data submission —
[]State — ] Weekly [_| Twice a month || Monthly [| Quarterly
X] LTPP

2. EQUIPMENT -
a. Purchase —

[ ] State
X] LTPP

b. Installation —
[] Included with purchase
[_] Separate contract by State
[] State personnel
X] LTPP contract

c. Maintenance —
D] Contract with purchase — Expiration Date _5 years from installation
[ ] Separate contract LTPP — Expiration Date
[ ] Separate contract State — Expiration Date
[ ] State personnel

d. Calibration —
[ ] Vendor

[ ] State
X] LTPP

e. Manuals and software control —

[ ] State
X] LTPP

f. Power —
1. Type - ii. Payment —
[ ] Overhead [ ] State
[] Underground [ ] LTPP
<] Solar X N/A

6420070022_SPSWIM_TO_23_04_2.99_0100_Sheet_18.doc Page 1 of 4




SHEET 18 STATE CODE [4]

LTPP MONITORED TRAFFIC DATA SPS PROJECT ID [ 0100]

WIM SITE COORDINATION DATE: (mm/dd/yyyy) 2/13/2008

Rev. 05/15/07

g. Communication —

1. Type - ii. Payment —
X] Landline X] State
[ ] Cellular [ ]LTPP
[ ] Other [IN/A
3. PAVEMENT -
a. Type -

X] Portland Concrete Cement
[ ] Asphalt Concrete

b. Allowable rehabilitation activities —
[ ] Always new
[ ] Replacement as needed
[ ] Grinding and maintenance as needed
<] Maintenance only
[ ] No remediation

c. Profiling Site Markings —
[ ] Permanent
DX] Temporary

4. ON SITE ACTIVITIES —
a. WIM Validation Check - advance notice required _2 [ ] days [X] weeks

b. Notice for straightedge and grinding check - __ 2 [ ] days [X] weeks
i.  On site lead —

[ ] State
X] LTPP

ii.  Accept grinding —

[ ] State
X] LTPP

c. Authorization to calibrate site —
[ ] State only
X] LTPP

d. Calibration Routine —
X LTPP -] Semi-annually X Annually
[ ] State per LTPP protocol —[_] Semi-annually [_] Annually
[ ] State other —

6420070022_SPSWIM_TO_23_04_2.99_0100_Sheet_18.doc Page 2 of 4
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WIM SITE COORDINATION DATE: (mm/dd/yyyy) 2/13/2008

Rev. 05/15/07

e. Test Vehicles
i.  Trucks -
Ist — Air suspension 3S2 [ ] State X] LTPP
2nd — _3S2 different weight/suspension [ | State X] LTPP

3rd — [ ] State [ ]LTPP
4th — [ ] State [ ]LTPP
ii. Loads— [ ] State [ ]LTPP
iii.  Drivers — [ ] State [ ]LTPP

f. Contractor(s) with prior successful experience in WIM calibration in state:
IRD

g. Access to cabinet
1.  Personnel Access —
[ ] State only

X Joint

[ ]LTPP

ii.  Physical Access —

X Key
X] Combination

h. State personnel required on site — [ JYes XINo
i. Traffic Control Required — [ ]Yes [X]No
j.  Enforcement Coordination Required — [ ]Yes X]No

5. SITE SPECIFIC CONDITIONS —
a. Funds and accountability —

b. Reports —
Other —

d. Special Conditions —

6. CONTACTS -
a. Equipment (operational status, access, etc.) —
Name: Roy Czinku Phone:(306) 653-6627
Agency: IRD
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SHEET 18 STATE CODE [4]

LTPP MONITORED TRAFFIC DATA SPS PROJECT ID [ 0100]

WIM SITE COORDINATION DATE: (mm/dd/yyyy) 2/13/2008

Rev. 05/15/07

b. Maintenance (equipment) —
Name: Roy Czinku Phone:(306) 653-6627
Agency: IRD

c. Data Processing and Pre-Visit Data —
Name: Roy Czinku Phone:(306) 653-6627
Agency: IRD

d. Construction schedule and verification —
Name: Phoenix District Phone:(602) 712-6550
Agency: AZ DOT

e. Test Vehicles (trucks, loads, drivers) —

Name: Scott Sunderland Phone:(480) 641-3500

Agency: Otto Trucking

f. Traffic Control —
Name: Phoenix District Phone:(602) - 712-6550
Agency: AZ DOT

g. Enforcement Coordination —
Name: Phoenix District Phone:(602) 712-6550
Agency: AZ DOT

h. Nearest Static Scale

Name: TA Truck Stop  Location:Kingman, AZ
Phone: (928) 753-7600
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SHEET 16 *STATE ASSIGNEDID [__ ]
LTPP MONITORED TRAFFIC DATA *STATE CODE [ 4]
SITE CALIBRATION SUMMARY *SHRP SECTION ID [ 0100]

SITE CALIBRATION INFORMATION

1. * DATE OF CALIBRATION (MONTH/DAY/YEAR) [ 2/13/2008]

2. *TYPE OF EQUIPMENT CALIBRATED WIM CLASSIFIER _X_ BOTH
3. *REASON FOR CALIBRATION
REGULARLY SCHEDULED SITE VISIT RESEARCH
EQUIPMENT REPLACEMENT TRAINING
DATA TRIGGERED SYSTEM REVISION NEW EQUIPMENT INSTALLATION

X__ OTHER (SPECIFY) ___LTPP Validation

4. * SENSORS INSTALLED IN LTPP LANE AT THIS SITE (CHECK ALL THAT APPLY):

___ BARE ROUND PIEZO CERAMIC ___ BAREFLAT PIEZO _X BENDING PLATES
____ CHANNELIZED ROUND PIEZO ____ LOAD CELLS ___ QUARTZ PIEZO

____ CHANNELIZED FLAT PIEZO _X_ INDUCTANCE LOOPS ___ CAPACITANCE PADS
____ OTHER (SPECIFY)

5. EQUIPMENT MANUFACTURER IRD/ PAT Traffic

WIM SYSTEM CALIBRATION SPECIFICS **

6.%#*CALIBRATION TECHNIQUE USED:

TRAFFIC STREAM  -- STATIC SCALE (Y/N) _X  TEST TRUCKS
___ NUMBER OF TRUCKS COMPARED __ 2 NUMBER OF TEST TRUCKS USED
__ 20 PASSES PER TRUCK
TRUCK TYPE SUSPENSION
TYPE PER FHWA 13 BIN SYSTEM 1 9 1
SUSPENSION: 1 - AIR; 2 - LEAF SPRING 2 9 1
3 - OTHER (DESCRIBE) 3
7. SUMMARY CALIBRATION RESULTS (EXPRESSED AS A PERCENT)
MEAN DIFFERENCE BETWEEN ---
DYNAMIC AND STATIC GVW -2.6 STANDARD DEVIATION 2.0
DYNAMIC AND STATIC SINGLE AXLES -3.4 STANDARD DEVIATION 34
DYNAMIC AND STATIC DOUBLE AXLES -2.4 STANDARD DEVIATION 30
8. 3 NUMBER OF SPEEDS AT WHICH CALIBRATION WAS PERFORMED
9. DEFINE THE SPEED RANGES USED (MPH) 45 55 65

10. CALIBRATION FACTOR (AT EXPECTED FREE FLOW SPEED) 3450.00

11.#*¥ IS AUTO-CALIBRATION USED AT THIS SITE? (Y/N) _N_
IF YES, LIST AND DEFINE AUTO-CALIBRATION VALUE:

CLASSIFIER TEST SPECIFICS***

12.#¥* METHOD FOR COLLECTING INDEPENDENT VOLUME MEASUREMENT BY VEHICLE CLASS:

VIDEO _X_  MANUAL PARALLEL CLASSIFIERS
13. METHOD TO DETERMINE LENGTH OF COUNT X TIME ___ NUMBER OF TRUCKS
14. MEAN DIFFERENCE IN VOLUMES BY VEHICLES CLASSIFICATION:
##* FHWA CLASS 9 0.0 FHWA CLASS
*##* FHWA CLASS 8 -22.0 FHWA CLASS
FHWA CLASS
FHWA CLASS
##*% PERCENT “UNCLASSIFIED” VEHICLES: 0.0

PERSON LEADING CALIBRATION EFFORT: __Dean J. Wolf, MACTEC
CONTACT INFORMATION: 301-210-5105 rev. November 9, 1999

6420070022_SPSWIM_TO_23_04_2.99_0100_pre-validation_Sheet_16.doc



SHEET 16 *STATE ASSIGNEDID [__ ]
LTPP MONITORED TRAFFIC DATA *STATE CODE [ 4]
SITE CALIBRATION SUMMARY *SHRP SECTION ID [ 0100]

SITE CALIBRATION INFORMATION

1. * DATE OF CALIBRATION (MONTH/DAY/YEAR) [ 2/14/2008]

2. *TYPE OF EQUIPMENT CALIBRATED WIM CLASSIFIER _X_ BOTH
3. *REASON FOR CALIBRATION
REGULARLY SCHEDULED SITE VISIT RESEARCH
EQUIPMENT REPLACEMENT TRAINING
DATA TRIGGERED SYSTEM REVISION NEW EQUIPMENT INSTALLATION

X__ OTHER (SPECIFY) ___LTPP Validation

4. * SENSORS INSTALLED IN LTPP LANE AT THIS SITE (CHECK ALL THAT APPLY):

___ BARE ROUND PIEZO CERAMIC ___ BAREFLAT PIEZO _X BENDING PLATES
____ CHANNELIZED ROUND PIEZO ____ LOAD CELLS ___ QUARTZ PIEZO

____ CHANNELIZED FLAT PIEZO _X_ INDUCTANCE LOOPS ___ CAPACITANCE PADS
____ OTHER (SPECIFY)

5. EQUIPMENT MANUFACTURER IRD/ PAT Traffic

WIM SYSTEM CALIBRATION SPECIFICS **

6.%#*CALIBRATION TECHNIQUE USED:

TRAFFIC STREAM  -- STATIC SCALE (Y/N) _X  TEST TRUCKS
___ NUMBER OF TRUCKS COMPARED __ 2 NUMBER OF TEST TRUCKS USED
__ 20 PASSES PER TRUCK
TRUCK TYPE SUSPENSION
TYPE PER FHWA 13 BIN SYSTEM 1 9 1
SUSPENSION: 1 - AIR; 2 - LEAF SPRING 2 9 1
3 - OTHER (DESCRIBE) 3
7. SUMMARY CALIBRATION RESULTS (EXPRESSED AS A PERCENT)
MEAN DIFFERENCE BETWEEN ---
DYNAMIC AND STATIC GVW -2.1 STANDARD DEVIATION 2.3
DYNAMIC AND STATIC SINGLE AXLES -2.6 STANDARD DEVIATION 3.6
DYNAMIC AND STATIC DOUBLE AXLES -2.0 STANDARD DEVIATION 34
8. 3 NUMBER OF SPEEDS AT WHICH CALIBRATION WAS PERFORMED
9. DEFINE THE SPEED RANGES USED (MPH) 45 55 65

10. CALIBRATION FACTOR (AT EXPECTED FREE FLOW SPEED) 3545.00

11.#*¥ IS AUTO-CALIBRATION USED AT THIS SITE? (Y/N) _N_
IF YES, LIST AND DEFINE AUTO-CALIBRATION VALUE:

CLASSIFIER TEST SPECIFICS***

12.#¥* METHOD FOR COLLECTING INDEPENDENT VOLUME MEASUREMENT BY VEHICLE CLASS:

VIDEO _X_  MANUAL PARALLEL CLASSIFIERS
13. METHOD TO DETERMINE LENGTH OF COUNT X TIME ___ NUMBER OF TRUCKS
14. MEAN DIFFERENCE IN VOLUMES BY VEHICLES CLASSIFICATION:
##* FHWA CLASS 9 0.0 FHWA CLASS
*##* FHWA CLASS 8 - FHWA CLASS
FHWA CLASS
FHWA CLASS
##*% PERCENT “UNCLASSIFIED” VEHICLES: 0.0

PERSON LEADING CALIBRATION EFFORT: __Dean J. Wolf, MACTEC
CONTACT INFORMATION: 301-210-5105 rev. November 9, 1999
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Sheet 19 *STATE CODE &Y

LTPP Traffic Data * SPS PROJECT ID 2D
*CALIBRATION TEST TRUCK # 1 *DATE £ 2 !\2 jof
- Rev. 08/31/01 S0
TThaow Tl Freosmg o
PART L TR o
1.* FHWA Class Wi‘m 2.% Number of Axles & Number of weight days -

AXLES -units - 1bs/100s1bs /kg
GEOMETRY
8 a) * Tractor Cab Style - Cab Over Engine / Conventional b} * Sleeper Cab? Y /N

9.a) * Make: Vasuonma b} * Model:

10.* Trailer Load Distribution Description:

11, a) Tractor Tare Weight (units):

by, Tratler Tare Weight {units):

12.* Axle Spacing —units  m / feet and inches / feet and tenths

v i
AtoB 145 BioC 93 CtoD 3.3
¥
DtoE #.t FEtoF
Wheelbase (measured A to last) Computed
13. *Kingpin Offset From Axle B (units) A ( )
{ + 1s to the rear)
SUSPENSION
Axle 14, Tire Size 15.% Suspension Description (leaf, air, no. of ieaves, taper or flat leaf, etc.)
A Wwgze. s 2 Sy Ueas
B Wilz. & Al
C  awewr S B2
D Wel2 4 prd
E Averlw AT
F

8.4 _6420070022_SPSWIM_TC 23 04 2,99 0100 Sheet 19 axle scales truck 1.doc



Sheet 19

*STATE CODE

LTPP Traffic Data * SPS PROJECT ID Qigo
*CALIBRATION TEST TRUCK # 1 *DATE #a. i % %@}3
- Rev. 08/31/01
PART I}
Day 1
*b) Average Pre-Test Loaded weight TTRALG
*c) Post Test Loaded Weight AR R
*dy Difference Post Test — Pre-test - IO p
Table 5. Raw data — Axle scales — pre-test
Pass Axle A Axle B Axle C Axle D Axle E Axle F GVW
1 VB0 N1508 N3 ee Vet 0 Y g4 1o T4 o
2 WLy L VI290 BedMae B 1AL
3 BLop VIS0 V1380 [ luMeO | teagg T 570
Average Y0530 1y 35U VI3E0 [ y\wee T VYLD BRLY
Table 6. Raw data — Axle scales -
: Pass Axle A Axle B Axle C Axle D Axle E Axle F GVYW
1
2
3
Average
Table 7. Raw data — Axle scales — post-test
Pass Axle A Axle B Axle C Axle D Axle E AxleF GVW
! 2% | VTre | 12te | Wden | WeMoo T2
2
3
Average A%%0 E L | Mine Lldap VMoo i ik We'

Measured By

Do

Verified By

KP

Weight date_92}13}0%




Sheet 19 *STATE CODE Ly
LTPP Traffic Data * 8PS PROJECT ID [ ARvIe
*CALIBRATION TEST TRUCK # } * DATE ey 50%3
- Rev. 08/31/01
Day 2
7.2 *b) Average Pre-Test Loaded weight 16 %0
*c) Post Test Loaded Weight o Ho
*d) Difference Post Test — Pre-test “ op 0

Table 5.2. Raw data — Axle scales -- pre-test

Pass Axle A Axle B Axle C Axle D Axle E Axle F GVW

1 03%0 | \LMws | Wiko | te®bo | 1890 TS0

2 (0250 L1kl | whke o0 | W &G0 T1¢90

3 VOME W40 | Le 80 [k bre | LkGue VDO

Average V0370 v T70 WTTE | e Ra0 | LW E5D T 2O

Table 6.2. Raw data — Axle scales —~

Pass Axle A Axle B Axle C Axle D Axle E Axle F GVW
1
|2

3

Average

Table 7.2 Raw data — Axle scales — post-test

Pass Axle A Axle B Axle C Axle D Axle E Axle F GVW

1 Lyt 0 Welo 70 Wb | Wb 0%

2

3

Average Wwinl | tew o tele 1D %10 WH20 RRDRE

Measured By QA Verified By Weight date L2194 -8




Sheet 19 * STATE CODE o
L TPP Traffic Data * SPS PROJECT 1D 0L B
*CALIBRATION TEST TRUCK # 2 *DATE o2 i3 o
Rev. 08/31/01 T
Teet¥ rug AN

PART L.

1* FHWA Class 1 2.* Number of Axles
AXLES -units - lbs/ 100s Ibs / kg

GEOMETRY

8 a} * Tractor Cab Style - Cab Over Engine / Conventional

9.a) * Make: ¥enuwoemy b} * Model:

f;h

10.* Trailer Load Distribution Description:

(380 b

TALEL.,  WOE Ll

Number of weight days MEL

b) * Sleeper Cab? Y/N

11, a) Tractor Tare Weight (units):

b}. Trailer Tare Weight (units):

12.* Axle Spacing —units m / feet and inches / feet and tenths

i {
AtoB Mo, BtoC “{v}, CtoD J4. 4
DoE 4.1 EtoF
Wheelbase {measured A to last) Computed
13. *Kingpin Offset From Axle B (units) t1m { Yy
{ +is to the rear)
SUSPENSION
Axle 14, Tire Size 15.* Suspension Description {leaf, air, no. of leaves, taper or flat leaf, etc.)
A Weere.s T
B g M.
¢ _uans It
D WA o fad
E Wl W o
F

8.4 6420070022 _SPSWIM_TO 23 04 2.9 0100 Sheet 19 axle_scales truck 2.doc




Sheet 16 *STATE CODE P
LTPP Traffic Data *SPS PROJECT ID G\90
*CALIBRATION TEST TRUCK # 2 *DATE e RE f':wd
. Rev. 88/31/01
PART II
Day 1
*b) Average Pre-Test Loaded weight LY
*c) Post Test Loaded Weight Uy 2o
*dy Difference Post Test — Pre-test - bLan
Table 5. Raw data — Axle scales — pre-test
Pass Axle A Axle B | Axle C Axle D Axle B Axle F | GVW ‘
! A2 (HBU0 B RYe AW | VAT lpSoH s
2 oML %890 5 BMQ I\ VN0 Ve NV YS!
3 WHo0 VL 8,0 0 R0 VBMeT | \Tuys LTS
Average TORLO % 450 E RS, VBT VLY Q BSDuD
_Table 6. Raw data — Axle scales — '
| Pass Axle A Axle B Axle C Axle D Axle E Axle F GVW |
1
2
3
Average
Table 7. Raw data — Axle scales - post-test
Pass Axle A Axle B Axle C Axle D Axle B Axle F VW
] lpide | \3re | B0 Bute | 1944 5 ey 20
2
3
Average LoD V1Mo Vie LMo V210 L0
Measured By AREL Verified By ﬁ ¢ Weight date M&]@@
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Sheet [9 *STATE CODE &
LTPP Traffic Data * SPS PROJECT ID Ol
*CALIBRATION TEST TRUCK # 2 *DATE 0L }\‘J\ EG‘:L
~ Rev. 08/31/01
Day 2
7.2 *b) Average Pre-Test Loaded weight WAy
*¢) Post Test Loaded Weight (pugtra
*d) Difference Post Test — Pre-test AR

Table 5.2. Raw data —~ Axle scales — pre-test

Pass Axle A Axle B Axle C Axle D Axle E Axle F GVW

1 10LoD Ve 0o [\1dooe [\13% e |[v3BRo UL

2 Wyno 11%0 | %0 VB39O0 | VAIR0 LU AU

3 WYL0 | 414 %0 9 AL EACEL Mt

Average VLo Y5140 W9 \Bhey EEkY G140

Table 6.2, Raw data — Axle scales —

Pass Axle A Axle B Axle C Axle D Axle E Axle F GVW
Ty
12

3

Average

Table 7.2 Raw data — Axle scales ~ post-test

Pass Axle A Axle B Axie C Axle D Axle E Axle F GVW

I Wwhio 13110 |\ Y 13350 (4520

2

3

Average Wob %o L0 YAV Lo VHIED 3L S0 H320

Measured By QY\\W) ~ Verified By Weight date ©2-j4-0%




Sheet 20

* STATE CODE

LTPP Traffic Data *SPS PROJECT ID o ;f -2_
Speed and Classification Checks * | of* | *DATE D/t 3/e e 2 %
Rev. 08/31/2001...,
WM WIM WIM Obs. Obs WIM WIM [ WIM Obs. Obs
speed | class Record | Speed | Class speed | class Record | Speed | Class
4 S BB X x99 o § 7026y | Lo 5
o 5 W 12 X8| 05| w2 S 226 | b 5"
se, |, #8a13 | ¥5% XL | sy & e | S5 5
19 120885 | 6% | 9 b Ay | o8 9
&S 5 w587 63 &Y 5 9 i 24, ?
G2 5 6991 | L2 g A ! 3% | LS 4
3 & 36995 | @3 ? “Ta. 53457 “13 Al
4 5 oo 3| £y % 5 (e 42T | 5y b
Ly 4 ey | by A (- 1 S | w3nr | LD &
b R R 6S | % (31390 | L2 | B
Lo 8 13 %o & 67 G 131304 () q
3% 9 223 | A 9 55 g Yoy SO %
34 4  Jawzd | 3z |9 R N A N R
BT A Byvivg | 329 4
=" SO AR T A 5
249 T 3w g i
R N AL ES 2 A S I T
23 © DWSE | 5 Y Arons o) dalus otad S (ﬁ\
14 9 Into | q
Ay £ 37T L1 &
6 S 3nnBoe | L& 5
L& & 2189 L7 .
s % e L5 %
o 5 325 o -
b1 5 |3vaud | G
Recorded by Uiy Direction ® ~ Lane ' Timefrom 8358 to0 /50
R

8.5_6420070022_SPSWIM_TO 23 04 2.99 0100 Pre-Validation Sheet 20.doc
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Sheet 20 * STATE CODE Fera
L'TPP Traffic Data *SPS PROJECT ID o\ oo
Speed and Classification Checks * 1 of* 1 *DATE o VM o o g
Rev. 08/31/2001....

WwIiM WIM WIM Obs. Obs WIM WIM WIM Obs. Obs
speed class Record Speed Class speed class Record Speed Class
61 1 9 ov Jer S fer |9 Jsm e1 |
59 |5 jied st g e |5 sz e (9

L1 & 9 L8 &
bt 5 G | bi | 5
cr 5 | La | 51 |

bt T 1o A
b4 5 | s | by | 8
66 G | o4 7 6
4 & fog Y& &
19 0 3¢ 31| 9
s 9 149 ¢s | 9
{M le’ \ff‘; (w LJ % Ewé
58 5 12y 58 5
bo | & V8¢ bo | 5
vE 5 89 | 48 5"
S vt | 7|
175 0§ 2t |y | €
Gs | 8 2wy el | T
72 & | 244 72 5
(s § Fos £s 9
el - 337 L7 b
LS 5 565 Ls g
A % 453 (H 9,
ta | 9 59 (9 4
54 5 Sv g sY 5 |
Recorded by Y Direction Lane | Timefrom jn-ip  t0o §-\0

8,5 6420070022 SPSWIM TO 23 04 2.99 0100 Post-Validation Sheet 20.doc




- - - . [ — — en - —
{ ¢ £ i m NNQO OON
30 m Fi MUON— 5 ﬁoﬂumﬁu EA mhm— OOMO @Q 19 wo HN O — zm ?wmnm L ¥ w mw .mw
wv *

R ﬁ %Q paplooay
20
- QQ RappaD : S5 %
N L5 | 2Tug) LEog M L T
oL ﬁdx . Tz\, 1% -3 52 &M\w
- -y wl bk . —2— 5 | e s . e
ikl VR STy , Fa [vs/ S,ﬁ UL P w Sk
R S AT didi LY v | ew Sho| el tTon
S J_TM M« k - QM.PM ”_;i. ﬂw.m!\.wj \,,.ow .M.\..m“m ] o 1 -1 mvwxm JM’)
bh TR ek nRl SR Bl Ge) | Lgy w}\ hh | TehE - Vi L
L4 W, H e - A - B
e _ &\ EEN B P ik 2HuE Ly % M
Tel S hl S zan il S ERETIREE 29| e RE
R 9he VT e T T e s | T B L
1. %9 /es =y o 2o | Lavg| Loy d
Pl VRS £ Rl 9L s YRR Py gg.m wf?q 9L | R
, ™ w(n\ﬁ & " 1S VL i = ¢ Eug | La 0y Pe m m -
Uh 1 UG & h| STt 2725 o & | Y ol ﬁmg S RS 8%
s il el ey " k) T WU Let) s T bt
= W\JM ..M - M)w m.w Tm. M .m ! P = )m J« J r% ” lmm\ - ﬁwhm ﬁ-_M\H
Th - 3 %A.M. vfu\_\mr o .Q? — qang| LS L J - -
h|1The ) 27h) &7l s729) : wav ve R Y ﬂ,a\r.m e 7 Sh sh
b 19 rrmi Tl Ten] Tay W D sanig ] LSy -
. J.j\ Mw. MJ Mm WJM p b i 3.wm nuhwm wmmw X LA S] = i mmw ﬁlwg
h 7T ) 3\ ?\f [wg| 4% Ll ¢ { €
il e 28 \rd L' il S haots | Lneh L
o g hg A £ £l = ) &j\w,f 29 o & \mum_j
ik Y ul,\wv foa _\ww R i 305 | Lny 9 - Fad
Jhopites | ek | RR - SRRV LY k,?\,m = 55 15'Lh
| : e e hal " e s A IR T -
R kel &) 5w 1D AL B 2 e m.ﬁw.: S5 MY : 55 15th
Lo L/ AR Ly o ST T :
AN Bl Jey el Wikl 7
(h | Vwel g h | Sh Q5L Mr A Mw L[S B b R | Sh | Sk
| , 19 .“ _‘\5 * Yol P e s Ghaigl frpl L1 S
Fhe jthe ] 27 | S BT I - sl r,r_\ DS EE AR T S
PRt W ERY, 87 1 ° [o 5% - ‘ “q, iy 3
L "oy Tsa| Yy Liol) 2z:L
i _M M...WJ‘ w.mu.n.m a-ﬂswwd .mmu m,..vv - 9 m...ﬁ\ m\pﬂu “F et W
(I SN L ral o1 ° J\Z ) \W...ﬁ A poadg | duis)
: Gkl Sy 1TV ok B : asdg | on ssed | dpnuL | deper | wd
A KA m..um. Biow | wBlom | ubem urmmw__w@ mus_:(/ PICHOY auil 1007/ 15/80 A3y
Bram | wbiom | 3ubE wy | gepy | ve S
goeds | soeds | soBds, AAD M*wwv& doxY 1 d8y | D@ SPi0oay Joni] 153 [, U1SAS WIA
aoeds muwmm ao -9 L) £ 4o 3 EM.Q ougeLl dd.1T
43 : :
HEVA » -
—— - . 4 . 1719308
& = a7 /8 VT (1 IDAMOHEd SdSx
X 40D HIVIS +
T




20p17 10eys UOnEPIEA-IE 0010 667 ¥0 £7 OL WIMSAS TZ00L00T9 89’8

of mw AQ PR3 T rw AQ Papioody]
o b b TR ehl POy Ty ey g ShRE B OV ] sk
AR ERI Y L, N R T A AN R AR R UL B R BN I A | 576
poh o ] W] VEL Tl e S Yl T Y | hmg) sl SEL L 2950
| they TR s EES \p Ta\m_w &.mmﬁ_r : »Mw w._frw 2f) | Thhig| Sh S4 AN N I
I I B B T A S B e e L T Rl b
i rse| e e [ 309 | e ] T b [ se B L] RS e
IR R A e P Ll I S I N L
F'Rlz2hs!| 6% 94y 4789 m.dmm.w M.&ww_ﬁ ﬁ\i, yq.zz a.,mwm Rho| g sTay o 7 shl L
okl Rl £ nny | s L ey I A A m&&m T INENSTY RES AT R U B T T B B Se
fth ke eh TRl 2799 s LN fw\ﬁ.w‘ Uhi o | skiag) S oozl Y s
o'h | VRE €h| Shy| TSL U, Y Ve T W, ss e o] 1 Vol oSS LS
P the| ¢h Wl w.wqu a,&wmﬂ um,\r,w M‘..ﬁdr Jﬁ_ﬁ_ﬁ_ﬁm RS ae ) z S L3
IR R N N N T L R i AR R I
Crl kel tm | Swl SWD g,&qwd w..mw\.m.m rpﬁa.r _s%rr w.w\__..u. Tk | kg 95:0) 0\ 7 Shl Sis
R Il A W@?%Jm_{ w_.ﬁg wé m.pﬁ«ﬂg T | T kel w £9 | 50h
Pl ihe) R SRy £ R R L R e o e ks B T IR I B
ooeds | aoeds | somds | soeds 1 aoeds wibem | wblem | wBem | wbem | wifiem | wbiesm | peadg ON paadg dwey
43 NS a0 g gV MAD T ey | Fepy | aepy | Doy | g9 | ey WAL | PIo08y | 8LUlY SSBd Aandy 1 JEpEY HUAL
[O0T/1E/80 "8y
RN EY: LV = £ J0 = spiooay YonI] IsoL WASAs NIM
woa A A a1 1DHfOU SdS» el oFerl ddL1
nd HACD dLVIS [Z 12948




20D ] 7 1994 UOEPHEA-LT 0010 667 PO £7 OL WIAMSIS Z200L00Zr9 89S

3 ] A : AR, -
%%ﬂwk«\ q paydayd VN Aq papiooay
hlbes] €h| Pk 0T T RS Seligl ey 97 4 kS | ATTS
L% ' H :
i - I ; . _ N Py . - o £
PRV RE] S| S| Ves : &Wi Go | neSig LTy oL 7 | 65 ST
Y hi 2 hs| £7h| SThi| 479L s Shi oSty 922 Wil | s | WS
P PhE &0 ¢ Rl %29 v/ ._ Shobnsigl T Ly T -
(R 0hsl £h| 1| ARL R R o unse a7y By M -6
Fhitvke| ©h| Shi| 5V WSty Ry %Yy | 7 | T SV
ol Lgs| ¢hi swt| UhL Gistg) I LV | $S ] B9
Fhl RS Ch SR L9 Lsig) 9L LY 2 5SS R
aoeds aoeds goeds | soeds | soeds whem | wbem | wbiewm | ybieam | wbBiom | wibem | pesds 0N paadg diissy
B 30 a2 g gV MAD | depy | 3oy | (gBKY | D8XY | dBiy | VoY WIM | Pio38Y aul | sse4 Honu JEDEY JUWing
T00GZ/1£/80 "A9Y
Y ALV « T 09 SpI0DaY NONI] 1501 WaSAS INIAL

I LOE[OUd Sd5+

Eled JBLL 4411

T

000D HLVLS «

[Z 39248




WPTITTRAS | R Q010 667 PO £2 OL WIMSAS 220000799 49°8

AG paYaRy) . ey £q popiosay
O H S| £kl hp | L L v 2y el w4 | 29|03
EM kg Sk Sk Ly Es - 29 | @ers Lkl B 1. -6 | Q)
/g
SURES LI RS e hS (B Ll S L | ks | St
- i L P s L il
Pheng) e S b Y RS By B S L L mg esh
hUng) Bh) bnebll Y Shofvme W] W T sk 5T
P ks | g shi| e " Who| et LR 4 sk 5T
O'hlahe | &4 hohi| bLL N SR IRTTTISAN B B AR R YA
bpl P hel R S v ST A s B0 o | 1 kL
eh | bl th) byl By ﬁ\ag Sg |sepg Ml 4 L[ pS g9
PR Ive oh] 9w VW p.“_w\:& R RS A ) A | ¢S 3
[ owe] € k) pwl 9 bi Y. S [ ABBE 1| Sh ocg
R R R e b | ssislagen] | 2 | B g
aoede goeds aneds aceds aoeds wihbam | b poadg ‘ON paadg dws;
ERE ERY, a0 o 9V | MAD | JBIKY | F ey WIAA | prosey DU sseq | onip | iepey g
. - 100T/EE/R0 A3y
200t /g 2C ERRASE: 1JO + SpIoooy Wond] 1831 WALSAS WM
oo I L0 S5+ BB O] dd LT
o . 2000 JLVIS = [7 199U




e
TR
kS

oy g
=

20p 17 199US UOHEPUBA-ISOY 0010 667 vO €2 OL WIMSAS Z700L0DTHY 99'8

? \@ — Ag paypey)

vy

£q papiodoy

Vit L ngl ik WS¢ xwrw_«mﬂ 74 0L T 1 (L " , - \mj

Pl URE| ] ATV AT w5/ g o S YA B AT B N T

Vhop e ¢h ] sl sl ﬁ\w\,,@.w no | 1] ] e vl ong fm.w

b ke | ¢h SR WY Y wo | ocon| kT 2| | nG Nﬁ

v O R L S B R mm,wf Lsl ﬂ‘rw.m‘, Wi | SLAL W] 1 in Ly

PR the] & h| SR E27) g Wi | b ke W | SHT R

4] Ve ¢h bl 2L \ﬂ,.wm_\,r.w 2.5} “thd WA ! ¢4

Ch ks | £ | S| o7 9. 29 jon\A| F o0 | 2 | g

om| ohg| ¢h| Sh| STl e RN R

\ L ﬁm > & ST RS

bl o | gk | hml| kL AU ERTRE Nl VR I L 1

PRITRSD Ch) SRy 049 Emww SUNICIN IS A B 11 Sh| 5%

Phi o k) bkl OTEL ™ U R CI A0 A R AL A &4

PR TR Sk SR ST i |y | St g | T | STER

i loTkhe ] SRRl B m‘w\m.r A R N T T Ve | o

Vhiwg | ew | S [g29 'y e | oan| e\l L ¢ | G fsbt
2ol “hal Tan] “5al “aw| mao| e | Somy P | prooens | oury | sseq | ey dmmmmw% E

DU T VT HIVA =+ Sp1029y NolLL] 1S3 WASAS WIM
ﬁ S ce T Al LOA0Ud SdSx eje(] SUFeLL dd 11
| ha 00D ALVLS « 17 19908




a0p 17 19Rys TUOREDPIEA-ISO4 0010 667 PO £T OL NIMSAS ZZ00L00Z¥9 99'8

'y - £q pesyoay)) AN m,w " Kq paproaay
70
Phyahg] th| bal| sk r.rmﬁ ma&‘? w&?_y y&w.g \mi«.m 10 | bl Uy 41 \ 1 1%
- o B R P h 1 £ & 1A T AR Y Bk 3 4 LT L i 5,9
Ph1he] Lh Shi] Wen A R T A o O B P e T IS A N R
. i - - 4 - Bl [ p =t | v N - s 7 L .
ki PRt | Th | Sh|FSL /0 ey &\:m ' shld oss | ek e g V65 | Sk
VR Phi] ¢ SR w19 R TN AR e O e S I b Sh
R R I i R T A e R R T L N B T B e N P R
- . 2 - { g ’ By f : 3 s - % i 4 g
fhi kel £k STh BT G AT A T R LT B B R R B L R A B
Fa ied 3 5 7
ahioht| & ] hhilo Il ww?z M,w\n.w J,d%w.w w@_;.a_, M.&& ORI RS WA B | 1N o
Phithse! ©h 5w WY vd ol Vi 5, L .N;w\wa, m‘r\r,m 29 QL) Lel g T ba ] A
o |1 [ e | WL 7 T oo ol el Sn | e 2 | 4 | sk SR
Phlzhs | en | SR L9 R e B L LS 2 e B I I B
U nl o $ hhl 98] 3{3.“; m..bmw.m, m.ﬂﬂ& .m.mmrkr m\www.p ‘MWJ fog | LS Ly ) 24 E.Pm
RSN P PR R TR &\a,r y.&\f_r w..,m\,ﬁ-w muw\.g 3..3\? 2Al 001 L& a1 1 7 FCR Y -
. . - - - 0297 Lo Doy &9 h] - AL | el X bn
% L ohel £h | RThI| N /A Lo L N A e (O It I by |y L RS | Ak
- R . - ’ E -} [ i Plyet . .
("h | Zhs | £k SThEL2D SR T T S B R L R N R O B SR Il
- - - . S Mﬁiﬂ & rArN M_é ‘,lm i I . p .
Fh VRS | 47h| ShlESL ey \Q en \ww Mol smo}opszy RN g Vlwh ) Le
o . . Echi) % Nm, e s . . ] 3 .
Vchihe ! ¢k | Sh| %19 A P R A R P B B L IR ShiLe
aneds aoeds aoeds aneds aoeds whiem | wbem | whem | wbem | ubom qubam | paadg ‘ON mesls Q.EE
43 30 a0 o8 a-v MAS 4 oYy 3 XY d2py 7y RRY q 31Xy By [ {$Y PGB Sl .mwm& o] AEDER} wt,.r)&k
. [00Z/1E/80 A9y
_ TH ST, T /720 ALV * 7. Jo "2 SP1093Y Oni ], 1S3 WASAS WIA
S @ 3o Al LOH[OUd SdS= ey ogell ddl]
i AA0D HLVLS » 17 199§

bm%.m




0P [T WS USHEPHEA-SO 0010 66'C ¥0 €7 OF WIMSS 20000789 29'8

,%wmk 4 AApapdy)

M

%

3

Aq popIoody

Th| VhE] €| S ht g o9 wal | ¥ K Sy AT E 70 e
h| PRE] £ 9 il " ool Tl fn S el RG] RES) B GTL T | S S8t
r n.w:p .ﬂwa Mw-h\ p,_« g PR Udl.m, T\M\-\ T.Ml waﬁw~ mammm\m - ] ﬁw.d\ma. - N X Mm -
\w 4 w\dm\ T wﬁ TwJ w\w ,.mwwl,. m.ﬁ .mm. M\«\ww \lﬁm..w\a 7 \ﬂw.;@ w _M,.‘.mw m M‘\m j@ AW ! m i w. m M\J« _....MM\
j B R _— .y 08 ol Vg Lg 1T ] o @ £ :
VR PRe € R D vnl dwsl ol Teu leg PSS Testp 1) ¢ Sh fg
aoeds aoeds aoeds aoeds aoeds whiom | whiem | wbem | wbiem | wbes | wbos | posdg O peads duwssy
4-3 4d a2 od g3y MAD | dBRKY | JRIKY | 8 | DBXY | g9y | ¥ 8iXy WIM | ploday S, ssed ASndp | Jepey jindg
e - [00Z/1€/80 A3
B @O/ v/ 0 ALV « 310 g SP1033Y JONLL, 153 [ WAISAS WIM
..... io 1o a1 LDALO¥d SdS+ BIB( OBLL dd 1] |
w0 Jd02 HIVIS « {7 19948




Calibration Worksheet Site: _ o070 20 ¢
Calibration Iteration ! Date Ga//3/08
Beginning factors:
Speed Point (mph) | Name Value
Overall
Front Axle
1-(45 ) VA kph 3524
2-( 50 ) Fo Ap i SRR,
3—( 35 ) 68 feph 3636
d-( L0 ) S FEpb 2200
5-(865 ) SO Ly d 3450
Errors 4% & ¥y 5o 635
Speed Speed Speed Speed Speed
Point ] Point 2 Point 3 Point 4 Point 5
Hh Gyl | -3 g5 ~ 3.7 - 2.3 N
Tandem
Sa
Adjustments:
Raise Lower Percentage
Overall ™ |
Front Axle O ]
Speed Point | 4| i La
Speed Point 2 %! ] a6
Speed Point 3 kel ] 3.9
Speed Point 4 b [ > 2
Speed Point 5 @ E] 3.2
End factors:
Speed Point (mph) | Name Value
Overall
Front Axle
1-{ ¥5 ) 2 kpl 36/ 9
2-( 50 ) FO fegl 3692
3-( 35 ) CH Lol 2784
4-( 66 ) 96 Lol 342372
S—( 65) 04y h 25 9]

8.18 6420070022 SPSWIM Calibration_Iteration Worksheet.doc




TEST VEHICLE PHOTOGRAPHS FOR

SPS WIM VALIDATION

February 13-14, 2008
STATE: Arizona

SHRP ID: 0100

Photo 1 - Truck_1_Tractor_ 04_0100_02_13_08.JPG......cccccceerirviimiininiinienicicnienenne.
Photo 2 - Truck_1_Trailer_04_0100_02_13_08.JPG......cccccocviimiiriiiiinieeeenieeeeeeeeeen
Photo 3 - Truck_1_Suspension_1_04_0100_02_13_08.JPG ......ccccecevrrircrirvreneriinrcnenne.
Photo 4 - Truck_1_Suspension_2_04_0100_02_13_08.JPG .......cccceeviercrernienieereenrennnee.
Photo 5 - Truck_1_Suspension_3_04_0100_02_13_08.JPG ......cccceceevirvrirvienervenicnenne.
Photo 6 - Truck_2_Tractor_04_0100_02_13_08.JPG.....cccccoctimmiiriiiiiinieeienieeeeeeeeen
Photo 7 - Truck_2_Trailer_04_0100_02_13_08.JPG.....c.ccceeviirirviiniiiniinienecieneeneennen
Photo 8 - Truck_2_Suspension_1_04_0100_02_13_08.JPG .......cccceeriervirnienieereenreennee.
Photo 9 - Truck_2_Suspension_2_04_0100_02_13_08.JPG .......cccceceerirciinvienirvinrcnenne.
Photo 10 - Truck_2_Suspension_3_04_0100_02_13_08.JPG .......ccccccvervrrrieriierrecnrennnen.



Photo 1 - Truck_1_Tractor_04_0100_02_13 08.JPG

Photo 2 - Truck_1_Trailer_04_0100_02_13 08.JPG

6420070022_SPSWIM_TO_23_04_2.99_0100_Truck_Photos.doc Page 2 of 6



Photo 4 - Truck_1_Suspension_2_04_0100_02_13_08.JPG

6420070022_SPSWIM_TO_23_04_2.99_0100_Truck_Photos.doc Page 3 of 6



Photo 6 - Truck_2 Tractor_04_0100_02_13 08.JPG

6420070022_SPSWIM_TO_23_04_2.99_0100_Truck_Photos.doc Page 4 of 6



Photo 7 - Truck_2_Trailer_04_0100_02_13 08.JPG

Photo 8 - Truck_2_Suspension_1_04_0100_02_13_08.JPG

6420070022_SPSWIM_TO_23_04_2.99_0100_Truck_Photos.doc

Page 5 of 6



Photo 10 - Truck_2_Suspension_3_04_0100_02_13_08.JPG

6420070022_SPSWIM_TO_23_04_2.99_0100_Truck_Photos.doc Page 6 of 6
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System Operating Parameters

Arizona SPS-1 (Lane 1)

Calibration Factors for Sensor #1

Validation February 14, 2008 February 13, 2008
Visit / Factor

Distance

88 kph 3619 3571

96 kph 3642 3550

104 kph 3766 3626

112 kph 3822 3700

120 kph 3545 3450

Calibration Factors for Sensor #2

Validation February 14, 2008 February 13, 2008
Visit / Factor

Distance

88 kph 3619 3571

96 kph 3642 3550

104 kph 3766 3626

112 kph 3822 3700

120 kph 3545 3450

May 3, 2007

3743
3773
3817
4024
4283

May 3, 2007

3743
3773
3817
4024
4283
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